The need for accelerated economic growth sets the task of increasing efficiency and improving the quality of drilling for the oil industry. This task includes both quantitative growth, i.e. an increase in the speed of drilling, and improvement of the quality of drilling operations themselves. One of the most important factors of quality improvement is the drilling of directional and, particularly, horizontal wells strictly according to the project. This paper provides a brief analysis of the operation of horizontal wells at the Zhanazhol deposit. It also presents studies on the statistics of the effective length of horizontal well sections.
INTRODUCTION
This paper analyzes technical and technological solutions for the operation of horizontal wells as well as the feasibility and efficiency of construction of multilateral wells, taking into account the development prospects of this area (Oganov et al., 2001) .
In order to avoid undesirable consequences of well inclination, it is necessary to know the causes and patterns of inclination as well as to ensure the construction of wells in the intended direction. The knowledge of inclination laws is also important for the implementation of whipstocking. It makes it possible to avoid the location of wells with inclined holes and to intersect the reservoir at several points from one main hole.
The main principles of drilling of directional and horizontal wells served as the basis for the development of the method of reservoir multihole opening, providing a multiply expanded drainage zone and a surface of filtration in the reservoir. This method is also used for drilling additional holes to extend the life of the production well. The use of multihole drilling and the creation of holes in an already drilled well is a modern trend in directional drilling technology.
In 1928 E.A. Spenser received a patent for a tool for cutting a multitude of "slots" in the casing string using a whipstock. In 1931 D. Dana registered a patent for a bottomhole device that allowed selecting three separate directions for drilling a bore hole. In 1939 L. Ranney drilled the first horizontal well. He also stated that he drilled more than one horizontal hole, i.e. created a multihole well (Grigoryan, 1969) . However, it was not until 1953 that A.M. Grigoryan in cooperation with Yu.P. Borisov considered some of the main theoretical issues of construction of multihole wells (Grigoryan, 1969) .
The above-mentioned researchers defined a multihole well as a complex object of industrial construction. They described the main characteristics of oil deposits, in which there is a need and expediency to build multihole wells, as well as distinguished the types of profiles of these wells for different geological and technical conditions and characteristics of reservoirs. The fundamentals of the domestic drilling technology for horizontal wells in Kazakhstan were laid in the 2000s. The analysis of the operation of horizontal wells shows that the creation of multihole wells and a multilateral horizontal well, as a special case, is one of the ways to increase the oil recovery of low-productive reservoirs and deposits in remote areas of the shelf and nature protection zones (Grigoryan, 1998) .
Currently, a methodology has been developed for calculating the design profiles of horizontal wells of various types. These include profiles with a straight horizontal section in the reservoir, profiles with a low-intensity set and a decrease in the zenith angle in the reservoir, and profiles with a sinusoidal section of the hole in the reservoir. The methodological basis for calculating such profiles and designing multihole wells that would cover the entire diversity of mining-geological and operational conditions has not yet been developed. One of the most important tasks is also to create a computerized spatial model and software for the design and management of multihole wells (MHW).
The purpose of the study is to substantiate and improve technological methods for drilling deep directional horizontal wells (DHW) and horizontal wells (HW) as well as to prevent negative deviation in drilling, ensuring a significant increase in drilling performance and its quality.
The relevance of the work is to establish the following, using numerical methods of problem solution based on the geological and mathematical fragments of the deposit: 1) Effect of the length, location and combination of the lengths of horizontal holes on the development indices of fragments of homogeneous and inhomogeneous deposits of massive and reservoir types, drilled DHW, HW and MHW; 2) Effect of the completion of DHW, HW and MHW on the productivity of the well and the reduction of contamination of the bottomhole part of the reservoir from the drilling mud; 3) Improvement of technological methods for drilling deep directional and horizontal wells (Aldamzharov, 2003) ;
The main research tasks are as follows: 1) To analyze and compare existing analytical methods for the construction and operation of directional horizontal wells in the deposits of the Republic of Kazakhstan and the CIS countries; 2) To study the effect of the length, location along the depth of the deposit and combination of the lengths of horizontal holes on the development indices of fragments of homogeneous and inhomogeneous deposits of massive and reservoir types, drilled DHW, HW and MHW; 3) To use the developed method of the qualitative forecasting of zenith inclination for solving specific problems in the construction of directional horizontal oil and gas wells.
METHODS
A set of the following research methods were applied in the study:
• analysis of the drilling experience of horizontal wells at the Zhanazhol deposit (Republic of Kazakhstan); • use of theoretical foundations for the construction of oil and gas deposits by the system of directional and horizontal wells; • mathematical experiments on the constructed geological and mathematical models of fragments of homogeneous and inhomogeneous deposits of massive and reservoir types. 
Drilling of oil-saturated reservoirs
According to the downhole survey, the overall area of reservoirs drilled by the well 2407 (in the intervals of 3,649-4,022 m) is 373 m. The capacity along the hole is 223.4 m (43.3 m -vertically). The geophysical parameters of this and neighboring wells are presented in Table 1 . The well is drilled in reservoirs having a relatively positive geophysical property (Zainullin, 1995) . A comparison of the data of the well 2407 and the neighboring wells 2413, 2406, 2402 shows that all the overlying oil-saturated reservoirs have been completely drilled by the well 2407.
Characteristics of oil production
Well 2407. When comparing the current state of the well 2407 and the wells 2413, 2406, one can see the following common characteristics: -the reservoir pressure is lowered (initial reservoir pressure is 39 MPa, final pressure -24.6-26.3 MPa); -they operate on the basis of the free-flow production method (except for the well 2413) -gas lift oil extraction (Aliyev et al., 2001) .
It is possible to analyze three wells in terms of oil production. When comparing the indices of oil production of the well 2407 with the neighboring wells 2413 and 2402, one can note that cumulative oil production is 1.26 times more than that of the well 2402 and 3.07 times more than that of the well 2413. The average daily oil flow rate is 1.3 and 2.85 times more, respectively ( Table 2) .
Well 2444. The average daily oil flow rate of the well 2444 is 1.11 times more than that of the well 2442 (Table 3) .
Well 2127. The initial average daily oil flow rate of the well 2127 is 1.25 and 1.56 times more than that of the wells 2120 and 2119, respectively. The oil production figures for the well 2127 are slightly higher than those for the neighboring wells (Table 4) .
At the beginning, a high average daily oil flow rate was obtained, but it gradually decreased. The initial average daily oil flow rate (with the approximate size of the choke) is, respectively, 1.33 and 1.8 times more than that of the wells 2402 and 2413. However, the average daily oil flow rate is gradually decreasing. At the beginning of the well commissioning, a high average daily oil flow rate, compared to the neighboring wells, was obtained, Note: All geophysical parameters presented are average weighted. 
The decline rate of oil production here is 30%. The average daily flow rate from the neighboring well 2442 from January 2013 to January 2015 decreased from 47.23 tons to 19 tons. The decline rate of oil production is 20%, which is 10% less than in the well 2442.
Under a large pressure drawdown, the well productivity index is low. The statistical results of changing the well productivity index are presented in Table 5 . The pressure drop is comparable to the well 2449, but the well 2444 has a lower productivity index than the well 2449.
Under a low pressure drawdown, the well productivity index is high. The results of changing the well productivity index are presented in Table 5 . Compared to the neighboring wells, the pressure drop of the well 2407 is less, the productivity index is high, sharply reduced, and then stabilized (Figure 1 ). 
DISCUSSION
Compared to vertical wells, horizontal wells have a high initial average daily oil flow rate. The volume of oil production rapidly decreases. The proper development of impermeable interlayers leads to a decrease in vertical permeability, a lack of energy supply by the gas cap, bottom and extreme water. There is a decline in average daily production to a certain value. Horizontal wells that have opened reservoirs in a small section with increased reservoir pressure operate first with a high flow rate, which rapidly decreases as pressure drops in this section.
The carbonate strata-II G north and D south are characterized by large intervals of oil reservoirs and numerous oil-saturated interlayers. The low power of one oil-saturated interlayer and the proper development of impermeable interlayers account for the low conductivity of energy and oil supply along the vertical. Based on this, consider the factors that affect the effectiveness of horizontal wells (Basniyev and Aliyev 1999 ).
1) Large inhomogeneity and unevenness of reservoirs
The study of the profile of reservoirs as well as the degree of their involvement in the development of reserves showed that as the number of perforated intervals grows, there is an increase in the number of intervals that do not give inflows. In operation, due to the strong inhomogeneity of reservoirs, perforated reservoirs with the worst geophysical properties give little or no oil. Similarly, when injected, perforated reservoirs with the worst geophysical properties take little or no water. The productive strata G north and D south are inhomogeneous in profile (Nikitin el al., 1999) . Table 6 presents the actual results of the well sections (neighboring horizontal wells). It can be seen that the well section is non-uniform. When studying the profiles of the wells 2449 and 2413, it was found out that the porosity of reservoirs varies within 10-13%, and their permeability -1.11-25×10 -3 μm
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. The thickness of reservoirs is 17 m and 15.2 m, respectively. This makes 53.1% and 57.14%. According to statistical data, the thickness of oil-saturated reservoirs with a porosity of less than 10% (the well 2444 -30 m) is 35.2%, from all drilled oil-saturated reservoirs. For these reasons, horizontal wells are slightly different from vertical ones. The decrease in production rate is probably due to the drop in pressure of drilling a small part of the reservoir (Technology "TOBUS", 1997).
2) Large inhomogeneity of oil reservoirs from high permeable to low permeable reservoir rocks
In the units G north and D south , the maximum thickness of oil reservoirs (from top to base) reaches about 190 m. In one well, perforated oilsaturated reservoirs are more than 7-25 intervals. The average thickness of oil-saturated reservoirs is about 3 m. The reservoir has some intervals of impermeable interlayers (more than 20). The thickness of most impermeable reservoirs varies within 5-10 m. Within a wide range, an impermeable reservoir with a thickness of about 10 m extends (Churnykh, 1999) . This affects power supply to the oil reservoir, resulting in a rapid decline in oil production and reservoir pressure. For example, the average daily oil flow rate with a 15-mm choke is more than 185 tons, but the current oil flow rate with a 7-mm choke is 52 tons (the horizontal well 2407) (Kuliyev, 1986). Experimental work is also carried out on the statistics of the effective length of the well horizontal sections (the horizontal section is understood in this case as a zenith angle of more than 80°), and its results are shown in Table 7 . The effective length of the horizontal wells 2127, 2407 and 2444 is 253.6 m, 103.8 m and 55.22 m, respectively (Shamanov, 2001; Eliyashevsky et al., 1982) .
It is established that the additional oil production of horizontal wells (as opposed to vertical) is directly proportional to the length of the horizontal section. When comparing the wells 2407 and 2444 with close reservoir properties, one can determine that the effective horizontal section of the well 2407 is longer than that of the well 2444. Therefore, the initial oil flow rate of the well 2407 is higher than that of the well 2444. The reason for the rapid drop in oil production and the receipt of a low volume of additional oil is a small effective length of the horizontal section, which leads to a reduction in the drainage radius (Creation and implementation…, 2000) .
Although the length of the effective horizontal section and the drainage radius of the well 2127 are much larger, the porosity (7.46% ~ 8.9%) and permeability (0.076 ~ 0.354 × 10 -3 μm 2 ) of its reservoirs are lower. However, the additional oil volume here is not high.
4) The method of well completion does not meet the requirements for reservoir development G north and D south are classified as inhomogeneous deposits with low permeability. The inho- mogeneity of oil reservoirs has led to the existence of a large difference in reservoir pressure and properties (Woods and Lubinski, 1960) . Drilling wells with the use of high-density mud as well as creating bottomhole pressure that is 3.5 MPa higher than reservoir pressure has resulted in the filtration of clay mud in the oil reservoir with high permeability and accelerated the contamination of the reservoir with clay mud. This is confirmed by the data of the well 2449, where the porosity of perforated oil intervals is 12%-13%, and permeability is 8.85-25×10 -3 μm
. However, three perforated intervals with a porosity of 13.5%-15% and a permeability of 42.02-199.5×10 -3 μm 2 in the base do not give oil inflows. This is explained by the contamination of reservoirs with clay mud. The time of well drilling and flushing with clay mud in the hole of horizontal wells takes a significant place. This leads to the severe contamination of the reservoir, so it is difficult to clean it from clay mud by conventional technology. Currently, the methods of hydrochloric acid treatment and hydraulic fracturing are used for the treatment of oil reservoirs (Oganov et al., 1979 ; Instruction for directional well drilling, 1966).
Each horizontal well at the Zhanazhol deposit is completed by the method of filter discharge.
Theoretical and practical significance
The practical value of the study is based on recommendations for the use of DHW, HW and MHW in the construction of oil and gas deposits, taking into account their geological features as well as the impact of technological and technical factors when drilling with directional horizontal, horizontal and multihole wells. These experiments allow choosing such a well drilling technology that provides the maximum profitability of development and the reliable, stable, troublefree work of selected wells. The results obtained in this work can be used in the construction of oil and gas deposits with similar geological and industry characteristics.
